Silicon carbide matrix reinforced with silicon carbide fabric with a circular hole was studied for its tensile fracture behavior. Hole diameter to specimen width ratios ranged from 0.1 to 0.4. The effect of the hole, for all sizes, was almost negligible, and the notched strength was found to be nearly equal to the unnotched composite strength.
Introd uction
Ceramic matrix composites (CMCs) are under serious consideration for advanced aerospace applications, such as, gas turbine engine components. Numerous research studies involving CMCs have been reported in recent years on their failure mechanisms and fracture behavior along with their toughness response. The majority of these studies are concerned with ceramic composite systems containing no stress raisers, such as holes. For general engineering usage, holes would be required for bolts, rivets, etc. Monolithic ceramic materials are extremely sensitive to stress raisers. It is, therefore, important that the notch sensitivity of CMCs in the presence of holes be addressed. In a previous study [1] , the tensile fracture behavior of silicon carbide fiber-reinforced aluminosilicate glass-ceramic matrix composite, SiC/1723, with a circular hole was studied. Two lay-ups were examined; unidirectional [0]8 and cross-ply, [0/90]25' Different hole diameter, d, to specimen width, W ratios ranging from 0.1 to 0.4 were tested. The notched strength for both lay-ups and different d/W ratios was found to be almost equal to the unnotched strength showing that the glass-ceramic matrix composite was basically notch insensitive. This work is a continuation of the above mentioned study. In this study, notch sensitivity and hole size effect were investigated in a CMC. The present study is confined to room temperature as a first step.
Material and experiments
The composite investigated in this study consisted of silicon carbide (SiC) matrix reinforced with SiC fabric. This composite was fabricated using polymer infiltration and pyrolysis. The ceramic fabric, with trade name of Nicalon, was an eight harness satin weave cloth which contained 9 fiber tows per em in both the warp and fill directions. The fibers were coated with a 0.2 micron carbon coating by chemical vapor deposition. The composite architecture was a quasi-isotropic lay-up of [-60/0/60]s, and the fiber volume ranged from 44 to 48 percent. Since this material was also prepared for a gas turbine engine combustor application, a SiC oxidation protection coating was applied to the composite. The coating thickness ranged from 0.076 to 0.127 millimeters.
All specimens had a dogbone configuration with an average thickness of 2.5 mm, average width of 8.2 mm and gage length of 37 mm. Holes were drilled into the specimens using an ultrasonic drill. The holes were centrally placed and each specimen had one hole. The hole diameter was varied which provided a d/W range of 0.1 to 0.4 in the specimens.
The specimens were tested in a horizontal servohydraulic tensile test machine. The actuator was equipped with an antirotation device to restrict rotation of the load train. The specimens were face-loaded in a rigid hydraulic gripping system and specimens were positioned in the grips using specially adapted depth gages. A 12.7 mm gage section clip-on extensometer was used to measure displacements. All tests were conducted using a stress ramp rate of 10 MPa/s.
Results and discussion Figure 1 shows the normalized notched strength of the composite as a function of dlW. The notched strength is based on the net cross-sectional area of the specimen. The strength was normalized by dividing it by the unnotched composite strength. The notched strength does not exhibit a rapid decline from its unnotched counterpart due to a stress concentration induced by the hole. This indicates a high degree of notch insensitivity and no hole-size effect in the CMC. This behavior in quasi-isotropic SiC/SiC is in contrast to polymeric composites with quasiisotropic lay-ups which show a pronounced degree of notch sensitivity due to holes [2, 3] . However, it is in agreement with a study involving a glass-ceramic matrix composite [1] .
... A typical fractured specimen is shown in figure 2 . The fracture occurred at the location of minimum cross-sectional area. Specimens failed in the direction transverse to the applied load which is a typical mode for a brittle material. Figure 3 depicts typical stress-strain curves for notched and unnotched specimens. Both show the non-linear behavior commonly seen in CMCs where the change in slope occurs after the development of matrix microcracks. The point where matrix microcracking develops is referred to as the proportional limit. The general shape of the curve, elastic modulus and proportional limit for all tests, notched and unnotched, were nearly identical. Failure surfaces for both notched and unnotched specimens were considerably smoother than is typically seen in CMCs. Figure 4 is a microphotograph of a fracture surface obtained from a scanning electron microscope. Only a small degree of fiber pullout was observed which indicates an undesirably strong fiber-matrix bond in the CMC. This was unexpected since the carbon interfacial coating applied to the fibers was designed to provide a very weak fiber-matrix interface.
FIgure 4: SEM photograph of fracture surface showing minimal fiber pullout A weak interface enables debonding and fiber pullout to occur, both of which produce toughening mechanisms for CMCs. Previous work on this material showed ultimate tensile strengths averaging 108 MPa. Processing variables could account for the low stresses obtained in this study and when combined with a strong fiber-matrix interface would lead to the brittle failure surfaces observed.
